Background and aims: Evidence from the field of addictive disorders suggests that attentional bias for stimuli related to a substance or activity of abuse (e.g., gambling) exacerbates the addictive behavior. However, evidence regarding attentional bias in PIU is sparse. This study aims to investigate whether individuals who express problematic tendencies toward social networking sites (SNS), a subtype of PIU, show attentional bias for stimuli associated with social media. Methods: Sixty-five participants performed Visual Dot-Probe and Pleasantness Rating Tasks containing SNS-related and matched control images during eye movements were recorded, providing a direct measure of attention. Participants were assessed on their levels of SNS Internet use (ranging from problematic to nonproblematic) and their levels of urges to be online (high vs. low). Results: Problematic SNS users and, in particular, a subgroup expressing higher levels of urges to be online showed an attentional bias for SNS-related images compared to control images. Conclusion: These results suggest that attentional bias is a common mechanism associated with problematic Internet use as well as other addictive disorders.
INTRODUCTION
Problematic Internet use (PIU) has been found to resemble substance-related and other addictive disorders on a behavioral (Bielefeld et al., 2017; Grant, Potenza, Weinstein, & Gorelick, 2010) and neurobiological level (Dong, Huang, & Du, 2011) . In addition, the evidence is suggestive of a comorbidity between them (Sussman, Lisha, & Griffiths, 2011) . Furthermore, research suggests that different addictive disorders are associated with some unique features, but that they also share vital underlying mechanisms (Shaffer et al., 2004) . Davis (2001) suggests that PIU consists of two distinct forms: specific and general. General refers to a more global set of behaviors, whereas specific involves engagement with specific Internet applications such as social networking sites (SNSs). General PIU has been a highly debated concept with researchers questioning whether or not the Internet per se is a source of the problematic behavior or whether it is through applications of the Internet that people show these problematic behaviors (Griffiths, 2010; Shaffer, Hall, & Vander Bilt, 2000; Yellowlees & Marks, 2007) . This argument has led to the suggestion that specific application such as SNS use should be assessed instead of general PIU (Griffiths, Kuss, & Demetrovics, 2014) . Thus, following these recommendations, this study focuses on SNS use.
SNSs include online applications, such as Facebook, Twitter, LinkedIn, etc., which aim to provide a platform for social interactions among their users. A lot of research in the field have been devoted to identifying patterns of usage and trait characteristics of problematic and non-problematic SNS users (Casale & Fioravanti, 2018; Casale, Fioravanti, & Rugai, 2016; Frost & Rickwood, 2017) . However, there is little insight into the behavioral characteristics, particularly of those individuals who lose control over their SNS use and develop problematic SNS use. This is also reflected within the prevalence rates, which varied significantly across studies with figures fluctuating from 4.5% to 47% reported being addicted to Facebook (Bányai et al., 2017; Jafarkarimi, Sim, Saadatdoost, & Hee, 2016) . In addition, there is emerging evidence that more intense use of SNS is associated with addictive symptoms and other addictive behaviors such as shopping and food addiction (Müller et al., 2016; Tang, Koh, & Gan 2017) . Conducting research investigating whether problematic SNS users show addictionlike tendencies such as biases toward their preferred specific applications will enrich our understanding of the potential mechanisms involved in the generation of this debatable emerging disorder.
One of the prominent characteristics of substance-related and addictive disorders is the power that substance-related stimuli have to influence and induce substance-seeking behavior (Field & Cox, 2008) , through a mechanism that enhances attentional allocation to those cues. This process has been termed attentional bias, and it has been argued that this bias is either causing or indicating the underlying mechanisms related to substance-seeking behavior (Robbins & Ehrman, 2004) . According to incentive sensitization theory (Robinson & Berridge, 1993 , 2001 , through the processes of classical conditioning, stimuli related to substances of abuse are associated with the incentive motivation of substances and thus elicit conditioned responses. The increase in incentive salience means that substance-related stimuli are perceived as highly salient and capture attention (Robinson & Berridge, 1993) . Although the assumption on which this theory was based when first developed pertained to psychostimulant drugs (amphetamine, cocaine, etc.), there is now evidence that the same processes can explain the cycle of behavioral addictions, such as in pathological gambling (Brevers et al., 2011; Honsi, Mentzoni, Molde, & Pallesen, 2013) , shopping addiction (Jiang, Zhao, & Li, 2017) , online pornography (Pekal, Laier, Snagowski, Stark, & Brand, 2018) , and therefore could also be applicable to problematic SNS Internet use.
Moreover, research from the field of addiction has found that craving levels and evaluative bias (the bias of perceiving substance-related stimuli as highly pleasant) are associated with attentional bias and as a consequence with substance-seeking behavior (Field & Cox, 2008; Field, Mogg, & Bradley, 2004) . Although the role of craving and evaluative bias in drug-seeking behavior is well established, there is a lack of studies assessing their role in the field of problematic SNS Internet use. Franken (2003) proposed that the relationship between attentional bias and craving is reciprocal such that attentional bias can lead to increased cravings and drug-seeking behavior and the increased craving can lead to attentional bias and drug-seeking behavior (Franken, 2003) . Similarly, Pekal et al. (2018) found that there was a relationship between attentional bias and symptom severity of Internet pornographic disorder, which was partially mediated by indicators for cue-reactivity and craving. Thus, in this study, levels of urges to be online and evaluative bias were assessed and compared across SNS Internet users. Urges to be online were conceptualized similar to craving levels and indexed as an increased urge to pursue the activity in question.
Following the principles of incentive sensitization theory, it was hypothesized that individuals with problematic SNS Internet use would show attentional and evaluative biases for SNS images. Moreover, it was also hypothesized that for problematic SNS Internet users, there would be a positive correlation between levels of urges to be online, attentional, and evaluative biases for SNS images.
METHODS

Participants
One hundred and twenty-six participants filled in a battery of questionnaires on an online data collection website (Bristol Online Survey, now called Online Survey). The participants were recruited through advertisements placed within the University of Bath. From those, a convenience sample of 65 participants (41 females) between the ages of 18 and 29 years [mean (M) age = 20.1 years, standard deviation (SD) = 2.7] were recruited to conduct the lab-based experiment (Dot-Probe Task). Participants were selected based on their responses on the Addiction-Engagement Questionnaire (AEQ), aiming to have an equal number of participants in each of the groups of SNS users (further details are provided below). All participants had normal or corrected-to-normal vision and were recruited from the UK. All participants received £10 reimbursement.
Measures
Addiction-Engagement Questionnaire (AEQ). The AEQ is a 24-item self-report assessment of the severity of PIU and consists of positive and negative statements. Respondents rate each item on a 7-point Likert scale (ranging from 1 = completely agree to 7 = completely disagree). The AEQ consists of two factors: addiction and engagement with scores ranging from 12 to a maximum of 84 for each factor. The addiction factor consists of 12 items, 7 of which relate to areas termed to be the "core" criteria of addiction (behavioral salience, conflict, relapse and reinstatement, and withdrawal symptoms) and similarly, the engagement factor consists of 12 items, 2 of which relate to what have been termed "peripheral" criteria of addiction (cognitive salience and euphoria).
In this study, the latest version of the scale previously used to assess behavioral patterns of a specific type of massively multiplayer online role-playing game: Asheron's Call (Charlton & Danforth, 2007) was adapted and each item reworded with reference to SNS (e.g., "I sometimes neglect important things because of an interest in SNS" and "My social life has sometimes suffered because of my SNS Internet use").
Following the validated classification (Charlton & Danforth, 2007 , 2010 Metcalf & Pammer, 2011) , participants were assigned to each group based on their responses to the core and peripheral criteria on the AEQ. More specifically, problematic SNS Internet users had to respond positively to at least four out of the seven core criteria related to the addiction factor. In addition, high SNS engagers had to respond positively to one or two of the peripheral criteria about the engagement factor and three or less of the core criteria related to the addiction factor. The non-problematic SNS Internet users had to have negative responses in all of the seven cores and the two peripheral criteria. To indicate positive and negative responses, the items with the core and peripheral criteria of addiction were dichotomized (cut-off point 4), such that higher scores (5, 6, 7) were associated with positive responses and lower (3, 2, 1) with negative ones. The Cronbach's α coefficient was .80.
Questionnaire on Internet Use Urges (QIUU). The QIUU is a 10-item self-report questionnaire assessing the severity of urges to be online. Respondents rate each item on a 7-point scale (ranging from 1 = completely disagree to 7 = completely agree). The QIUU was adapted from the original Questionnaire on Smoking Urges-Brief (Cox, Tiffany, & Christen, 2001; Tiffany & Drobes, 1991) . To assess levels of urges to be online, each item was reworded concerning online activity. For example, a statement such as "I have the desire for a cigarette right now" was reworded to "I have the desire to be online right now." The wording "online" has been selected as a means to reflect the online component of SNS use. The Cronbach's α coefficient was .94.
Pictorial stimuli
SNS-related stimuli consisted of pictorial color images containing general SNS-related activities (e.g., Facebook, Twitter, and Google + websites) and SNS-related logos (Facebook, Twitter, LinkedIn logos, etc.), which were retrieved from a Google image search. To obtain the most relevant images as sample stimuli, we retrieved a total of 40 SNS-related images. Twenty individuals (who did not participate in the study) rated all images on a 10-point scale according to their relatedness to the SNS (ranging from 1 = not at all related to 10 = very related). From the 40 images including various SNS-related images, 15 were selected as the most relevant SNS images (based on the highest scores received). SNS-related stimuli consisted of pictorial color images. These 15 SNS images were matched with control images. Two types of control images were generated. One type referred to as the control-computerrelated images (see Figure 1 ), which were visually very similar to SNS-related images. These control-computer images are associated with the offline environment (familiar visual images you see when working on the computer offline). The other type of control images shared similar lower visual information with SNS-related and SNS logorelated images. However, they had no visual reference to the online environment or computer characteristics and were termed control non-computer images. These types of images were generated to control for the possibility that individuals who might show an attentional bias for SNS-related stimuli might also indicate a preference for computer-related stimuli, as computers are commonly used as a medium for being online. The size of the pictures was 5.5-cm wide and 11-cm high, and the distance between the inner edges of each picture in each pair was 3 cm (visual angle of 1°between the fixation position and the inner side of each picture). Examples of the stimuli are presented in Figures 1-3 .
In addition, 45 neutral pictures (everyday objects such as a cup, clock, umbrella, etc.) were taken from the International Affective Picture System database (Lang, Bradley, & Cuthbert, 2008) and used in fillers and practice trials. These images were shown side by side in a similar way to the other trials.
Visual Dot-Probe Task -Eye-tracking
A computational version of the Visual Dot-Probe Task (MacLeod, Mathews, & Tata, 1986 ) was used. Each trial started with the fixation cross ("+"), which was presented centrally on the computer screen for 1,000 ms, followed by the presentation of the pair of images side by side for 2,000 ms. Immediately after the offset of the images, a probe (dot, ".") appeared either on the left-or right-hand side of the computer screen (the distance between the two probe positions was 11.5 cm) replacing one of the images. The task required participants to respond as quickly and as accurately as possible by pressing one of the designated keys on the keyboard related to the location where the probe appeared on the screen. The dot remained on the screen until participants made a response, indicated by pressing one of the response buttons on the keyboard ("m" when the dot appeared on the right side of the computer screen and "z" when it appeared on the left side). A participant's response terminated the trial, and the next one began 2,000 ms later. There were 8 practice trials and 80 experimental trials (60 SNS-related and 20 filler trials). During the 60 SNS-related trials (which were the trials where the pair of images consisted of SNS and matched controls), each of the 15 SNS-related images was presented four times and appeared twice on the left side and twice on the right side of the screen. Moreover, they were matched and counterbalanced in half of the trials with control-computer and the other half with control noncomputer and symbols. SNS-related and filler trials were pseudorandomized and presented in the same order for all participants (Figure 4) .
Pleasantness Rating Task
The Pleasantness Rating Task was generated with E-prime 2.0 Professional software (Psychology Software Tools, Pittsburgh, PA, USA). The main requirement of this task was to rate the pleasantness of each of the 40 images (15 SNS and 25 control images), which were presented in the Dot-Probe Task, except the neutral images, which were used for the practice and filler trials. Following the presentation of each image (2,000 ms), participants rated on a 7-point scale how pleasant each image appeared to them (ranging from 1 = not pleasant to 7 = very pleasant) by pressing one of the seven corresponding keys on the keyboard (numbers 1-7). The size of the pictures was 15.5-cm wide and 11-cm high, and there was a 2,000-ms intertrial interval. 
Preparation of eye movement data
Eye movements were only analyzed for the 60 SNSrelated trials. Dwell time was calculated based on the amount of time participants spent fixating (summing the duration of each fixation) on both images and the central location (between the area of the image) for each trial. The average time participants spent looking at these three areas altogether was analyzed first and trials excluded where there were excessive missing data (no recorded eye movements or fixations were more than 3 SDs above the sample mean). Analyzable data was recorded in 90.2% of the SNS-related trials. A one-way analysis of variance (ANOVA) revealed that there was no difference for the non-analyzable trials among the groups of SNS Internet users F(2, 63) = 1.54, p = .22. Trials with error responses made up 1% of the total trials and were included in the final analysis as they represented real eye movements. The fixation duration was analyzed for each of the images presented side by side. Longer fixation duration indicated an attentional bias for that specific image.
Procedure
Participants were provided with information on the study's aims and processes, they had the opportunity to ask any questions, and they granted consent. Once they agreed to take part, they completed a questionnaire comprising the AEQ online. Based on the selection criteria outlined above, a sample of SNS Internet users was invited to participate in the second phase of the experiment, which took place in the Department of Psychology laboratories at the University of Bath. Upon arrival, participants were given information about the experimental procedures and provided informed consent. Next, the participants sat comfortably in a chair at a 70-cm distance (approximately) from a computer display where they performed the two computer-based tasks. At the beginning of the testing procedure, eye tracker calibration was conducted. The participants then completed the Dot-Probe Task and were explicitly instructed to try to stay as still as possible throughout the experiment, to fixate on the cross at the start of each trial when it appeared on the screen, and to try not to blink while they viewed the cross and the pair of pictures. Then, they completed the Pleasantness Rating Task and a QIUU questionnaire. After completion of the survey, participants were fully debriefed and received a payment of £10. The total participation time took approximately 30 min. Those participants who filled in the online questionnaires but were not selected for the second phase of the experiment had the opportunity to win a £50 Amazon voucher in a prize draw.
Statistical analyses
Initially, gender and age differences between the groups were checked with one-way ANOVAs. Two (image type -SNS vs. control) by three (SNS Internet use groupsproblematic, high engagers, and non-problematic SNS Internet users) mixed ANOVAs assessed the duration fixation and pleasantness ratings, followed up with post-hoc tests (Bonferroni correction) to identify the differences between the groups. Further analyses were conducted for trials where SNS images were matched with controlcomputer-related images and for trials where they were paired with non-computer-associated images. The supplementary analysis was conducted to assess whether there were differences in behavioral outcomes related to each type of control stimuli. In addition, Pearson's correlation coefficients were conducted to assess the relationship between biases (cognitive and evaluative) and motivational levels for each SNS Internet users.
Ethics
The study procedures were carried out by the Declaration of Helsinki. The Institutional Review Board of the Department of Psychology, University of Bath, approved this study. All participants were informed about the study, and all provided informed consent. Table 1 revealed no differences between groups regarding age and gender.
RESULTS
Dwell time for SNS Internet users (SNS compared to computer and control non-computer images)
A significant interaction between image type and group, F(2, 62) = 3.94, p = .02, ηp 2 = .11. The main effect of image type, F(1, 62) = 3.40, p = .07 and group, F(2, 62) = 0.28, p = .76 was non-significant. Further analysis based on the significant interaction revealed that problematic SNS Internet users spent more time looking at the SNS compared to the control images, t(15) = 2.28, p = .038, 95% CI [6.80, 126.20 ]. However, this was not evident for high engagers, t(24) = 0.97, p = .34 and non-problematic SNS Internet users t(23) = −1.18, p = .25. Non-problematic SNS Internet users fixated on control-related less compared SNS images, t(38) = −2.17, p = .004, 95% CI [−185.36, −6.39] ( Figure 5 ).
Supplementary analysis for computer condition (SNS compared to computer control images)
Dwell time. The results revealed no significant main effects of image type, F(1, 62) = 1.04, p = .31, group effect, F(2, 62) = 0.07, p = .93, or interaction between image type and group, F(2, 62) = 0.29, p = .75.
Supplementary analysis for non-computer condition (SNS compared to control non-computer images)
Dwell time. The results revealed a significant main effect of image type, F(1, 62) = 9.87, p = .003, ηp 2 = .14 and interaction between image type with group, F(2, 62) = 4.75, p = .012, ηp 2 = .13. The group effect was nonsignificant, F(2, 62) = 0.39, p = .67. Post-hoc tests revealed that problematic SNS Internet users spent more time looking at the SNS compared to control non-computer images, t(15) = 2.82, p = .013, d = 1.45. 95% CI [34.33, 247.74] and this was also evident for high SNS engagers, t(24) = 2.20, p = .037, d = 0.89, 95% CI [4.13, 126 .52] ( Figure 6 ).
Pleasantness Rating Task: Stimulus valence measures (SNS compared to computer and control non-computer images)
The results revealed no significant main effect of image type, F(1, 62) = 0.84, p = .36, group effect, F(2, 62) = 1.08, Note. SD: standard deviation; SNS: social networking site; AEQ: Addiction and Engagement Questionnaire with subscales; PSIU: problematic SNS Internet users (four or more addiction criteria); HESU: high engagers SNS Internet users (three or fewer addiction criteria and one or two peripheral criteria); NPSIU: non-problematic SNS Internet users (none of the addiction or peripheral criteria); QIUU: Questionnaire on Internet Use Urges; ANOVA: analysis of variance; HSD: honestly significant difference. **p < .01. 
Correlations between attentional, evaluative biases, and urge to be online for SNS Internet users
To conduct correlational analysis, the following calculations were made: (a) for the gaze dwell time, the mean dwell time spent on control images was subtracted from the mean dwell time spent on SNS images, and thus positive scores indicated a bias for SNS images; (b) for the evaluative bias, the mean pleasantness ratings for the controls was subtracted from mean pleasantness ratings for SNS images and thus positive scores reflected an evaluative bias for SNS images. Table 2 revealed that there were significant positive correlations between attentional bias for SNS images with urges to be online, r = .703, p = .002 for the problematic SNS Internet users. No other associations were found.
DISCUSSION
This study revealed that individuals with problematic SNS Internet use showed an attentional bias for SNS-related images compared to control images. Moreover, when levels of urges to be online were assessed, problematic SNS Internet users showed a positive correlation between attentional bias for SNS-related images and urges to be online. These results are supportive of our hypotheses and are suggestive of commonalities between problematic SNS Internet use and established addictions in the mechanisms that have been suggested to account for the maintenance of the addiction cycle (Franken, 2003; Field & Cox, 2008; Field, Munafò, & Franken, 2009; Robinson & Berridge, 1993 , 2001 . More specifically, the results of this study are in line with research from the field of substance addiction disorders, which has suggested that craving levels are associated with attentional bias (Field et al., 2004; Field, Mogg, Mann, Bennett, & Brandley, 2013; Franken, 2003) . Furthermore, they are also in accordance with similar evidence found in behavioral addictions, such as gambling, online gaming, and online pornography (Lorenz et al., 2013; McCusker & Gettings, 1997; Metcalf & Pammer, 2011; Pekal et al., 2018; van Holst et al., 2012) . However, when the analysis was performed based on the type of control images (control computer vs. control noncomputer), it was found that the group of problematic SNS Internet users did not show any bias for SNS-related stimuli in the control computer condition. In contrast, in the noncomputer condition, the analysis revealed an overall preference for SNS-related images as was shown by problematic and high engagers SNS Internet users. Therefore, it could be argued that control non-computer and symbol images are the best candidates for use in future research probing attentional bias in SNS Internet use, because computer-related images might be associated with online activities as they are deployed as a universal medium to be online and thus capture attention in a similar way to SNS-related images.
Moreover, problematic SNS Internet users did not perceive SNS images as being more pleasant. This is according to Robinson and Berridge's theory, which states that addiction is driven by an attentional bias due to "wanting" but not as a pleasantness bias toward "liking" the salient stimulus relevant to the problematic behavior. Furthermore, the results of this finding might also be due to the familiarity effect. There are reports that by 2020 the number of social media users in the UK alone will be 42.28 million individuals (Statista, 2018) . This statistic indicates the level of familiarity with SNS-related images. Research into addiction compares similar behaviors between individuals who have not encountered substances of abuse and thus are unfamiliar with such stimuli compared to individuals with substance misuse who are familiar with such incentives (Field & Cox, 2008) .
Moreover, in this study, participants were explicitly asked to rate the attractiveness of SNS and control images, and this might have given rise to social desirability effects, especially for those who reported problematic SNS Internet behavior. Thus, future research should assess the implicit attitudes surrounding these stimuli. This may provide a better indication of how the perceived attractiveness of the stimuli can affect overt behavior using the Implicit Association Task and the Stimulus-Response Compatibility Task.
This was the first study that assessed attentional bias for online applications associated with social networking and as such, aimed to be inclusive of various forms. SNS consists of multiple applications such as Facebook, Twitter, Linke-dIn, etc. In this study, we choose the most popular online applications at this point, and we generated stimuli associated with each application. However, there is the possibility that some SNS Internet users might predominantly use specific apps. This might have caused some SNS-related stimuli not to be as salient for some SNS Internet users who, for example, use SNS predominately for Facebook and not Twitter or LinkedIn. Thus, in the future, there is the necessity to identify groups of SNS Internet users who use predominately one SNS and assess whether differences in cognitive processes associated with attentional bias are more evident among these groups. However, this is a problem common to other fields (e.g., beer drinkers vs. wine drinkers); Facebook and Twitter are likely to be highly relevant to a vast population of social media users. In addition, as this was the first study that assessed attentional bias in SNS Internet use, we evaluated two types of control images (control computer and control non-computer). This was conducted to investigate whether control image type affects the overall allocation of attention. It was found that potentially control non-computer images captured attentional bias more in comparison to control computer images, which can inform future research. Even though conducting secondary analysis could reduce the power of the findings, the consistency of the research outcomes before and after the secondary analysis validates our research conclusions. Finally, even though the results of this study implicate that levels of urges to be online associate with attentional bias, there is no clear causal relationship between the two. Thus, further research is warranted in the field where direct manipulation of SNS use needs to be obtained and then assessment of its effects about levels of urges to be online, attentional, and evaluative biases carried out. This is by research from the field of addition where craving levels and evaluative bias have been found to associate with attentional bias and as a consequence with substance-seeking behavior (Field & Cox, 2008; Kang et al., 2012) .
In conclusion, the results of this study revealed that problematic SNS Internet users showed an attentional bias for SNS-related images, which is following theories from the field of addiction.
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